Abstract Office sonovaginography (SVG) challenges the concept of the "normal" pelvic ultrasound in women with chronic pelvic pain and suspected endometriosis. When positive for posterior compartment deep infiltrating endometriosis, with or without Pouch of Douglas obliteration, office SVG allows for triaging of women to the appropriately trained advanced laparoscopic gynaecological and colorectal surgical team. We advocate that all women with suspected endometriosis undergo office SVG prior to laparoscopy to ensure an accurate pre-operative mapping of endometriosis disease location and extension.
Introduction
Traditional transvaginal (TVS) evaluation of the pelvis in women with chronic pelvic pain is an excellent diagnostic tool when unilateral or bilateral endometriomata are present 1, 2 . This TVS hard marker correlates well with laparoscopic histological confirmation of endometriomata. In fact, TVS predicts endometriomata with a sensitivity and specificity of 90% and 96%, respectively 3 . Nearly 50% of these ovarian lesions are unilocular cystic lesions containing ground glass material (Fig. 1 ) 4 . Hyperechogenic wall foci can be seen in up to a third of endometriomas and are quite distinctive, as they are rarely found in other benign nonresolving ovarian cysts (Fig. 2) 5 . In the absence of endometriomata on ultrasound scan, the pelvis is more often than not reported to be radiologically "normal". Despite this report of a "normal" pelvis on TVS, a significant proportion of these women with chronic pelvic pain will have endometriosis present at subsequent laparoscopy. Up to 60% of women with chronic pelvic pain will have an abnormal laparoscopy. At laparoscopy, endometriosis will be seen in 28% of cases and adhesions will be present in 25% of cases 6 . Superficial implants of endometriosis can be found in up to 15% of normal healthy women but are not visible with imaging 7 .
A report which reads "normal pelvis" can be misleading and does not assist the laparoscopic surgeon in preoperative mapping and planning in women with suspected endometriosis. We believe that pre-operative staging of pelvic endometriosis is essential in not only determining the extension of disease, but also modulating the laparoscopic surgical approach 8 . In the hands of an experienced sonological operator, real-time TVS can be a useful pre-operative tool for the prediction of Pouch of Douglas (POD) obliteration and posterior compartment deep infiltrating endometriosis (DIE). Both these ultrasound features are almost always overlooked by sonographers and sonologists, thus resulting in a high proportion of women with chronic pelvic pain being potentially wrongfully classified as having a "normal" pelvis on pre-operative ultrasound.
What can be done to improve the performance of preoperative ultrasound to predict endometriosis? How can we improve our ability to exclude POD obliteration and posterior DIE and in turn redefine a "normal" pelvic ultrasound when these ultrasound features are indeed absent? These questions are important not only for the sonographers and sonologists who perform the ultrasound scans but more importantly for the laparoscopic surgeon.
In our study population, we have made a concerted effort to actively look for additional ultrasound features such as POD obliteration and posterior compartment DIE in an otherwise conventionally reported "normal" pelvis. There is no doubt a learning curve to this relatively new approach in Australia but the results are very encouraging indeed. In our unit, our provisional results have demonstrated a sensitivity, specificity, positive predictive value (PPV) and negative predictive value (NPV) for TVS in the prediction of POD obliteration prior to laparoscopy of 90.9%, 94.1%, 83.3% and 97%, respectively 10 . Bowel nodules are often associated POD obliteration 9 , and therefore, women with POD obliteration at pre-operative TVS require tertiary referral to advanced laparoscopic centres, with the possible need for colorectal input (Fig. 3) . Pre-operative diagnosis is absolutely essential in these women, and the use of office sonovaginography (SVG) can bridge this gap. Interestingly, at this year's Australian Gynaecological Endoscopic Society (AGES) Annual Scientific Meeting in Melbourne, our data were recognised and awarded the prize for best presentation. The laparoscopic surgeons believe in this relatively new technique; it is time for the ultrasound community of Australia to follow suit.
An estimated 5-10% of women with endometriosis will have bowel involvement, and it can be very difficult to predict this group pre-operatively. DIE is usually found in the following locations: the uterosacral ligaments, the rectosigmoid junction, the anterior wall of the rectum, the vaginal wall and fournices, and the bladder. A systematic approach to evaluating the posterior compartment for DIE is imperative in all women with suspected endometriosis. Several imaging techniques have been used to predict of posterior compartment DIE prior to laparoscopy. These include TVS [11] [12] [13] [14] , TVS with water contrast in the rectum 15, 16 , SVG 17 , transrectal ultrasound (TRUS) 13 , sonorectovaginography 18 and MRI 19, 20 . TVS is currently the recommended first-line imaging technique for the prediction of DIE, which is due to its cost-effectiveness, low level of patient discomfort, and high diagnostic accuracy (provided the scan is performed by an experienced operator).
During TVS, the posterior compartment can be assessed for bowel endometriosis by moving the probe up and down along the posterior vaginal wall from the lower vagina at level of anal canal to the posterior fornix. In 2009, Piketty, et al. used this technique to predict bowel infiltration with a sensitivity and specificity of 90.7% and 96.5%, respectively. In the same study, TRUS was compared with TVS. TRUS was found to have a slightly higher sensitivity and specificity than TVS for predicting DIE, but TRUS was not as well tolerated and was not as accurate in detecting USL and bladder endometriosis 13 . A recent systematic review and meta-analysis of 10 studies further confirmed the accuracy of TVS in the preoperative diagnosis of bowel endometriosis, with pooled estimates of sensitivities and specificities being 91% and 98%, and positive and negative predictive values being 98% and 95%, respectively 21 . One of the weaknesses of TVS is the low sensitivity (29%) in the detection of nodules in the rectovaginal septum (RVS) and vaginal wall 22 . SVG can improve the detection of the deep infiltrating endometriosis involving the RVS by creating an acoustic window between the TV probe and the surrounding vaginal structures (Fig. 4) . SVG was first described by Dessole, et al. in 2003 , where saline was infused into the vagina to create an acoustic window, thereby improving visualisation of the rectovaginal septum. In this study SVG predicted rectovaginal endometriosis (Figs. 5a and 5b) more accurately than TVS, with a sensitivity and specificity of 90.6% and 85.7%, respectively 17 . We have used this originally described technique, however we found that as there is a need for a second operator (to keep the labia majora closed) and as the procedure is "messy" due to fluid overflow, its applicability in an office setting is less than desirable. More recently, Guirrera, et al. modified the SVG technique by placing gel within the probe cover to create a "stand-off" effect (instead of infiltrating the vagina with saline), which also improved in the sensitivity and specificity for DIE in these locations. 23 We have also used this newer technique, however, the main limitation is that the Our approach to office SVG, which has shown promising results, is the introduction of 10-20 mL of ultrasound gel into the posterior fornix of the vagina prior to imaging. This newly described technique does not require a second operator to keep the labia majora closed and the ultrasound gel distends the vagina and allows the anatomical contours of the inner vagina to be clearly visualised. Importantly, the ultrasound gel forms an acoustic window between the transvaginal probe and the surrounding vaginal structures, namely the anterior and posterior vaginal fournices, anterior and posterior vaginal walls, retrocervical area, uterosacral ligaments, Pouch of Douglas, rectovaginal septum, and rectosigmoid colon. We currently use this method of office SVG in our centre to predict midline posterior compartment DIE (i.e. rectovaginal, retrocervical, and rectosigmoid nodules) in women prior to endometriosis surgery (Figs. 5a and 5b).
Our preliminary results have found the sensitivity, specificity, NPV and PPV to be 100%, 91.7%, 70% and 100%, respectively 24 . It is important to note that the women included in our ongoing study are referred via tertiary endoscopic surgical units with a special interest in endometriosis surgery.
By including both TVS and office SVG in the pre-operative assessment of women with suspected endometriosis, we can improve the prediction of POD obliteration and DIE prior to surgery. These imaging techniques demonstrate high specificity and NPV, and this additional pre-operative imaging information is critical for the mapping/planning of advanced laparoscopic endometriosis surgery.
Office SVG challenges the concept of the "normal" pelvic ultrasound in women with chronic pelvic pain and suspected endometriosis, and allows for triaging of women to the appropriately trained advanced laparoscopic surgeon. We advocate that all women with suspected endometriosis undergo office SVG prior to laparoscopy to ensure an accurate pre-operative mapping of endometriosis disease location and extension. This novel approach aims to provide additional information over and above a regular TVS, which in turn facilitates the planning of combined laparoscopic gynaecological and colo-rectal procedures.
By performing a more detailed pre-operative ultrasound assessment for severe endometriosis, we hope that in the future this will negate the need for women to undergo consecutive laparoscopies at different sites: one by the "general" gynaecologist and the second by the appropriately trained advanced laparoscopic endometriosis surgeon. Sonovaginography: redefining the concept of a "normal pelvis" on transvaginal ultrasound pre-laparoscopic intervention for suspected endometriosis
